In the alpine belt of the Julian Alps (glacial cirque Na Jezerih under Mt. Veliki Rokav, Jarečica, the Mangart Saddle and Prodi under Mt. Mangart as well as Mt. Plešivec in the rock wall of Loška Stena) we studied the phytosociology and ecology of snow-bed vegetation with dominating flowering plants Salix herbacea, Luzula alpinopilosa, Gnaphalium supinum, Soldanella pusilla and Salix retusa, and numerous moss species. Based on the comparison with similar snow-bed communities in the Central, Eastern and Southern Alps we described a new association Salicetum retuso-herbaceae and classified it into the alliance Salicion herbaceae and class Salicetea herbaceae. We determined several successional stages of snow-bed vegetation on mixed calcareous-silicate bedrock that we treat as variants, in two relevés also the initial association Polytrichetum sexangularis.
Introduction
Alpine-subnival or snow-bed communities in the Slovenian Alps are confined to areas with long-lasting snow cover that receive a continued supply of snow water (the soil is waterlogged due to snowmelt). The most characteristic snow-bed communities (class Salicetea herbaceae) are distributed only on small areas, mostly in stands of the associations Polytrichetum sexangularis (syn. Polytrichetum norvegicae), Salicetum herbaceae s. lat. and Luzuletum alpinopilosae (T. Wraber 1996a: 109-110) . More widely distributed is vegetation of snow-beds on stabilised calcareous screes with some other willows like Salix retusa and S. reticulata (alliance Arabidion caeruleae). The dwarf willow community (Salicetum herbaceae s. lat.) or its stands were reported for areas under Mt. Mangart, in the Škrlatica group, on the Kriški Podi plateau and on Mt. Stol in the Karavanke Mts. (Aichinger 1933: 53-54 , T. Wraber in Hegi et al. 1982 : 31, T. Wraber 1996a : 109-110, 1996b . Only one relevé has been published so far for the association Salicetum herbaceae s. lat. (T. Wraber 1972 Wraber : 61, Šilc & Čarni 2012 . Aichinger (ibid.) published only the species composition of the stand in the corner between both summits of Mt. Stol: Salix herbacea, Sibbaldia procumbens, Gnaphalium supinum, Anthelia juratzkana, Potentilla aurea, Sagina saginoides, Poa alpina and Polytrichum juniperinum. The current distribution of dwarf willow in Slovenia is shown in Figure 1 .
A detailed study of the phytosociology and ecology of stands with dominating Salix herbacea in the Julian Alps was conducted by Andrej Martinčič and late Tone Wraber (1938-2010) in early September 1968 in the Škrlatica group, the cirque Na Jezerih (Na Jezeru) under Visoki Rokav (9549/3) - Figure 7 , and two years later, at the beginning of September 1970, under Mangart (on the Mangart Saddle, in the hollow Prodi) - Figure 6 -quadrant 9547/4. During this research, Andrej Martinčič collected and subsequently determined moss species as well as conducted field measurements of ecological variables (in particular pH). The field material, however, was not processed and published due to Tone Wraber's disease and untimely death. A few years be- 14°15°16°4   6  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Thanks to Wraber's heirs (widow, son and daughter) and Jože Bavcon, the head of the Botanical Garden of the University of Ljubljana, the professional manuscript legacy of Tone Wraber has been preserved in Wraber's library at the Botanical Garden and is available for researchers to examine. Having studied the phytosociological relevés of other alpine communities in Wraber's field notes on several occasions, we came across the relevés of snow beds as well.
Since the co-author of those relevés, Andrej Martinčič, is still a prolific researcher, we wanted to finish what late Tone Wraber had started, i.e. conduct a phytosociological analysis of his relevé material on dwarf willow communities and Igor Dakskobler's relevés from Mt. Mangart and Mt. Plešivec in the Loška Stena rock wall (both in quadrant 9547/4) and classify the determined communities within the applicable syntaxonomic system.
Methods
Snow-bed communities with dominant Salix herbacea were studied applying the Braun-Blanquet method (Braun-Blanquet 1964) . The relevés were entered into the FloVegSi database (Fauna, Flora, Vegetation and Paleovegetation of Slovenia) of the Jovan Hadži Institute of Biology at ZRC SAZU (T. Seliškar et al. 2003) . Their arrangement in Table 1 is based on hierarchical classification. We transformed the combined cover-abundance values with numerical values (1-9) according to van der Maarel (1979) . Numerical comparisons were performed with the SYN-TAX 2000 program package (Podani 2001) . The relevés were compared by means of "(unweighted) average linkage method" -UPGMA, using Wishart's similarity ratio. Communities from Slovenia (some relevés on Mt.
Mangart are in the territory of Italy) were compared with similar, already described communities in the Alps. We constructed a synoptic table (Table 2) . Hierarchical classification was employed in this comparison as well, and the same method was used as in our comparison of individual relevés, but the measure of dissimilarity was also Jaccard's Index. The first author, Andrej Martinčič, conducted onsite pH measurements of the soil samples in water solution, using a battery-operated Iskra pH metre. The nomenclatural sources for the names of vascular plants are the Mala flora Slovenije (MFS - Martinčič et al. 2007 ) and Flora alpina (Aeschimann et al. 2004 ). The nomenclature of Flora alpina -Sesleria caerulea, Gnaphalium supinum was used for the taxa Sesleria caerulea subsp. calcaria and Omalotheca supina (MFS). Ros et al. (2007) is the nomenclatural source for the names of liverworts (Marchanthiophyta), Ros et al. (2013) for the names of mosses and Wirth (1995) and Suppan et al. (2000) for the names of lichens. For the names of syntaxa we follow Englisch (1993 Englisch ( , 1999 , Grabherr & Mucina (1993) , Theurillat (2004) , Šilc & Čarni (2012) and Mucina et al. (2016) . In the classification of vascular species into phytosociological groups (groups of diagnostic species) we mainly refer to the Flora alpina (Aeschimann et al. 2004 ). Our classification of bryophytes is based on Oberdorfer (1992) , English (1993 English ( , 1999 and the expertise of the first author (Andrej Martinčič). The geographic coordinates of relevés were based on the Slovenian geographic coordinate system D 48 (zone 5) on the Bessel ellipsoid and with Gauss-Krüger projection.
Ecological conditions in the studied communities with Salix herbacea
All the relevés discussed in this article were made in the alpine belt of the Julian Alps, most of them only on five localities: three under Mangart (the Mangart Saddle, Prodi, Jarečica), one on Na Jezerih below Visoki Rokavi, and one on Plešivec in the Loška Stena group, at elevations between 1,950 and 2,220 m. The geological bedrock in the study area is mainly limestone and dolomite limestone interlayered with more silicate rocks, marlstone, claystone and chert, often also fine gravel (Buser 2009 ). Soils are initial (lithosols, very shallow molic gleysols or even histosols), often with mull humus (Vidic et al. 2015 , Vrščaj et al. 2017 . The climate in the study area is montane, with mean annual precipitation of 2,000 to 2,500 mm (Zupančič 1998) and mean annual air temperature of -2 ºC to 0 ºC (Cegnar 1998) . The researched stands are usually covered with snow from November to June. The growing season usually lasts three to four months, from June to the end of September (or beginning of October). The communities with Salix herbacea are often associated with specific sites, both in terms of terrain, soil conditions and the local climate.
Results and discussion

Soil analysis
Although the parent material and the soil in individual research plots differ, pH measurements revealed that the soil in dwarf willow stands is always acidic. Soil pH values at Na Jezerih below Rokavi ranged between 4.5 and 5.6; the pH value in most of the samples was 4.8 to 5.3. In several cases measurements showed an increased pH value Hierarchical classification based on species constancy demonstrated that the relevés from the Julian Alps are the most similar to the relevés from the Central Alps. If we take into account only the presence and absence of species, our relevés are the most similar to the relevés of the dwarf willow community from the Dolomites. However, floristic similarity is low, less than 30% according to Jaccard and 43% according to Sørensen (1948) . Floristic similarity with the stands of the association Salicetum herbaceae from the Central Alps is even lower, less than 25% according to Jaccard. Although they share several species (Salix retusa, Silene acaulis), the communities with Salix herbacea from the Southern and Eastern Alps, which are distributed in the mountains with predominantly limestone bedrock, are floristically very different from the studied community from the Julian Alps, which means that our relevés cannot be classified either into the association Salici herbaceaeArabidetum caeruleae or into similar snow-bed communities on limestone bedrock. Two interesting snow-bed communities have been described in the southeastern part of the Italian Alps (Venetian Prealps, Vette di Feltre (Table 2) shows certain floristic specifics of the stands of the association Salicetum herbaceae s. lat. from the Julian Alps. These mainly include moss species Kiaeria falcata, Pohlia obtusifolia, Scapania helvetica, Sciuro-hypnum starkei, Barbilophozia lycopodioides, Bartramia ithyphylla, which are either very rare in the compared communities or were not recorded at all. However, given that mosses were largely ignored in past publications we cannot exclude the possibility that some of these species occur also in the compared communities. E. Pignatti & S. Pignatti (2016: Association Salix retusa occurs in the relevés from the Julian Alps, the Dolomites and the Eastern Alps. Our relevés comprise a few more species of the class Juncetea trifidi and some of them (Juncus jacquinii, Geum montanum and Euphrasia pulchella) were not recorded in the compared communities. Differential for the studied stands from the Julian Alps is Homogyne discolor, an eastern AlpineIllyrian species of subalpine-alpine grasslands on calcareous bedrock.
The analysis of proportions of diagnostic species (Table 3) indicates that the relevés of the community from the Julian Alps have comparatively the highest proportion of the species of the class Juncetea trifidi and a very small proportion of species of the class Thlaspietea rotundifolii. Compared to the community from the Central Alps this community comprises a higher proportion of species from the class Elyno-Seslerietea and a smaller proportion of species of the class Salicetea herbaceae and order Androsacetalia alpinae. Compared to the Dolomite community the stands of the community from the Julian Alps comprise a higher proportion of species of the class Salicetea herbaceae and a substantially lower proportion of species of the order Arabidetalia caeruleae. Compared to the communities from the Eastern Alps the studied community comprises a substantially smaller proportion of scree species of the order Arabidetalia caeruleae and class Thlaspietea rotundifolii and a substantially higher proportion of species of the class Salicetea herbaceae.
The studied stands could be classified into the new geographical variant Salicetum herbaceae Rübel 1911 var. geogr. Homogyne discolor. However, the applicable Code of Phytosociological Nomenclature (Weber et al. 2000) does not employ the syntaxonomic rank of geographical variant nor does the new Code that is currently underway (Čarni, in litt.) . Low floristic similarity between our relevés and relevés of the association Salicetum herbaceae from the Central Alps, the fact that Salix retusa occurs in most of our relevés and in some of them even with considerable medium cover, as well as comparison of groups of diagnostic species ( Table 1 they are presented together with the character species of the order Arabidetalia caeruleae). Three mosses occur with a higher frequency: Polytrichum juniperinum, Sanonia uncinata and Oncophorus virens. The ecological optimum of Polytrichum juniperinum and Sanionia uncinata is in the montane belt and higher, but they are distributed in the larger part of Slovenia, including the hill belt. Oncophorus virens commonly occurs at the elevations of 1,200 m and higher. It is the most frequent in the subalpine and alpine belts, but occurs in very diverse communities. We believe these three moss species are not relevant character species of a special group of alpine snow-bed communities, so they are presented in Table 1 with other moss species that were not determined in terms of phytosociology.
In terms of diagnostic species of the new association we can ascertain certain similarity with the association Homogyno discoloris-Salicetum retusae, but a comparison with the stands of this association in the Southeastern Alps (Aichinger 1933 , Haderlapp 1982 , Surina 2005 demonstrates distinct differences. The species that differentiate the association Salicetum retuso-herbaceae against the association Homogyno discoloris-Salicetum retusae are diagnostic species of classes Salicetea herbaceae and Juncetea trifidi, in particular Salix herbacea, Luzula alpinopilosa, Gnaphalium supinum, Agrostis rupestris and Juncus jacquinii as well as several moss species.
Division into lower syntaxonomic units
The dendrogram in Figure 2 also shows the division into lower syntaxonomic units. For the time being they are described only at the rank of variants due to a lack of relevant differential species to describe subassociations. Relevés 1-15 in Table 1 are treated as the typical variant (var. typica). Relevés 16-23 are classified into the variant Luzula alpinopilosa. These are the relevés in which this species, which occurs in most of the relevés, has the highest medium cover. Nevertheless, these stands cannot be classified into the association Luzuletum alpinopilosae s. lat. (Luzuletum spadiceae s. lat.). We compared the stands of the association Luzuletum alpinopilosae s. lat. from the Julian Alps (Dakskobler & Poldini 2019) , with the stands of the typical variant Salicetum retuso-herbaceae var. typica and the stands of the variant Salicetum retusoherbaceae var. Luzula alpinopilosa, and obtained the result shown in Figure 5 , which clearly demonstrates the affinity of these relevés with the association Salicetum retuso-herbaceae.
Relevés 24-28 in Table 1 are classified into the variant Salicetum retuso-herbaceae var. Gnaphalium supinum. The diagnostic species of the association Salicetum retuso-herbaceae are very rare here and these stands and their floristic composition resemble also the stands of the association Nardo-Gnaphalietum supini. The diagnostic species of this association are Gnapahlium supinum, Nardus stricta, Anthoxanthum nipponicum, Campanula scheuchzeri, Leontodon helveticus and Phleum rhaeticum (English 1993: 395) . Our relevés mainly comprise only the first two species and due to their considerable similarity with other forms of the association Salicetum retuso-herbaceae ( Figure 2 and Table 1) we provisionally decided to classify them into this association as a special variant. Its differential species are Gnaphalium supinum and Crepis aurea.
Relevés 29, 30 and 31 in Table 1 are tentatively treated as the syntaxon Salicetum retuso-herbaceae var. Nardus stricta, with relevés 29 and 30 bearing slight resemblance to the stands of the association Sieversio-Nardetum. Slightly similar to these three relevés is also relevé 32. Their shared characteristic is the absence of Luzula alpinopilosa. Character species of the association are well represented in relevés 33 to 37, but because of certain floristic specifics these stands could be discussed only at the rank of association (sensu lato). Relevés 38-41, on the other hand, are more initial and indicate a higher similarity with the stands of the association Homogyno discolorisSalicetum retusae. Gnaphalium supinum and Homogyne discolor do not occur there and Luzula alpinopilosa is very rare. These relevés are tentatively classified into the variant with Salix retusa. Diagnostic species of the association Salicetum retuso-herbaceae are almost completely absent from relevés 42 -45, but only two of them -relevés 43 and 44 -can be classified into the association Polytrichetum sexangularis, whereas relevé 42 with a substantially higher number of flowering plants already indicates the initial form of the association Salicetum retuso-herbaceae. Relevé 45 is tentatively classified as a community with dominant Gnaphalium supinum (Gnaphalium supinum community). Relevé 46 is a community of alpine spring areas and classified into the provisional association Salici herbaceae-Eriophoretum scheuchzeri nom. prov. (Salix herbacea-Eriophorum scheuchzeri community), because its species composition does not allow it to be classified into the association Eriophoretum scheuchzeri Rübel 1911 (Steiner 1993 Table 1 .
Polytrichetum sexangularis Frey 1922
Gnaphalium supinum community nom. prov.
Conclusions
Snow-bed communities with dominating Salix herbacea are very rare in the Julian Alps, which is largely associated with the predominantly calcareous bedrock. As a rule, they occur on small areas, mainly where the calcareous bedrock is interlayered with marlstone, claystone or chert and where the configuration of the terrain, long-lasting
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